ABSTRACT Low body mass index (BMI) and malnutrition in chronic obstructive pulmonary disease (COPD) are associated with a poor prognosis. The prevalence of underweight, as well as overweight, in severity grades of COPD is sparsely investigated in studies of the general population and the associated patterns of risk factors are not well established. The aim of the present study was to determine the association between severity grades of airflow limitation in COPD, and both underweight and obesity when corrected for possible confounding factors.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterised by airflow limitation that is not fully reversible and pulmonary function testing is required for its diagnosis [1, 2] . The disease progression of COPD often results in manifestations of several important systemic extrapulmonary effects and comorbidities [3, 4] , such as fatigue, nutritional abnormalities, weight loss, skeletal muscle dysfunction and other consequences of mainly systemic inflammation [5, 6] . The systemic effects contribute to exacerbations and to the high burden of COPD [7] . COPD is associated with low body mass index (BMI) [8] [9] [10] [11] [12] .
Low BMI and weight loss in subjects with COPD are associated with a high risk of exacerbations [13] and represent an important risk factor for mortality [10, 14] . The proportion of subjects with a low BMI and malnutrition in COPD varies widely from 4% to more than 40% [9, 10, 15, 16] . Most studies have been performed on hospitalised patients or in primary care settings, and still few studies presenting the prevalence of underweight in COPD subjects rely on randomly selected samples of the general population [8, 14, 17] . Some studies have found a high prevalence of both pre-obesity and obesity in COPD [9, 18] but research results within this area are conflicting [10, 19] . Thus, further insights into the prevalence and distribution of BMI in COPD populations are needed.
Our hypothesis with this study was that COPD is associated with low BMI and that the degree of airflow limitation in COPD is related to BMI. We thus aimed to study the association between severity grades of airflow limitation in COPD and both underweight and obesity when corrected for possible confounding factors.
Material and methods

Study sample
The study area was the northernmost county of Sweden, Norrbotten, which covers 25% of the area of Sweden. The study sample consisted of subjects derived from three cohorts of the Obstructive Lung Disease in Northern Sweden (OLIN) studies, which were re-examined in [2002] [2003] [2004] . The ethics committee at the University Hospital of Northern Sweden in Umeå approved the study.
The three cohorts have been previously described in detail [20] [21] [22] [23] and are further described in a flow chart (figure 1). The first cohort included both a randomly selected sample [20] and a sample with respiratory symptoms [21] , the second cohort included symptomatic subjects [22] , and the subjects of the third cohort were randomly selected from the study area [23] . The participation rate in the OLIN studies has generally been high, resulting in limited selection bias [24] .
In this study, pulmonary function tests (PFTs), height and weight, along with records from structured interviews were used. Complete data were available for 3942 subjects (1999 (50.7%) women and 1943 (49.3%) men).
Clinical examinations
The questionnaire included questions about respiratory symptoms and diseases, medication, other diseases, smoking habits, occupation, socioeconomic status based on occupation, and area of domicile. The questionnaire has been used in several national and international studies, and a self-administered version has recently been externally validated against the GA 2 LEN (Global Allergy and Asthma European Network) questionnaire [25] .
A dry spirometer, the Vicatest 5 (Mijnhardt, Odijk, the Netherlands), was used in all PFTs. At least three slow vital capacity (SVC) manoeuvres were performed followed by forced vital capacity (FVC) measurements at least three times. The difference between the two best FVC and the two best forced expiratory volume during the first second of the expiration (FEV1) values, respectively, had to be <5%, or <1 dL in cases where the values were <2.0 L. A reversibility test was performed using 0.4 mg salbutamol via a spacer in subjects with FEV1 <90% of reference values or a ratio of FEV1 to the highest of FVC and SVC <0.7.
Definitions COPD was defined using the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criterion of the fixed ratio of FEV1/(F)VC <0.70. When calculating the ratio FEV1/(F)VC, the highest value of FEV1 before or after reversibility test, and the highest value of FVC or SVC before or after reversibility test was used. This has support in the GOLD documents [26] and in the recent ERS task force guidelines for epidemiological studies on COPD [27] . The recently published Global Lung Initiative (GLI) reference values were used [28] . In sensitivity analyses, the European Community for Steel and Coal [29] , GLI and OLIN reference values [30] were used with COPD, defined using the lower limit of normal (LLN) (fifth percentile) criterion. Furthermore, a sensitivity analysis was performed within the random sample, which comprised 1566 subjects (figure 1).
Subjects with COPD were stratified into severity grades according to GOLD, which conforms closely to the European Respiratory Society/American Thoracic Society standards for COPD [2, 26] : GOLD grade 1, FEV1/(F)VC <0.7 and FEV1 ⩾80% of reference value; GOLD grade 2, FEV1/(F)VC <0.7 and 50% ⩽FEV1<80% of reference values; GOLD grade 3, FEV1/(F)VC <0.7 and 30%⩽FEV1<50% of reference values; and GOLD grade 4, FEV1/(F)VC <0.7 and FEV1 <30% of reference values. A restrictive spirometric pattern was defined as subjects with FEV1/(F)VC ⩾0.70 and FVC <80% of predicted. These subjects were excluded from the group defined as "normal spirometry".
BMI was calculated as weight in kilograms divided by the square of the height in metres and categorised according to the World Health Organization (WHO) definitions with one exception: since the number of subjects with BMI <18.50 was very low (33 subjects), an underweight threshold of BMI <20 was used, in line with previous studies [8, 10, 31] . Consequently, BMI was classified as follows: underweight, BMI <20; normal weight, 20⩽BMI<25; pre-obesity: 25⩽BMI<30; and obesity: BMI⩾30.
Analyses
Subjects with a restrictive spirometric pattern were excluded from the risk analyses of associations between COPD and BMI. The Chi-squared test (two-tailed) was used for unadjusted comparisons of proportions across groups and student's t-test was used for comparisons of means. One-way ANOVA was used for comparisons of mean BMI across more than two groups, with least significant difference post hoc analysis. A p-value <0.05 was considered statistically significant. The associations of BMI grades, underweight and obesity with COPD were examined by multinomial logistic regression analyses with normal weight as the reference. Variables with significant associations with COPD in unadjusted analyses were included in the adjusted analyses. The following variables were entered as covariates into the adjusted models: sex, age, smoking habits, COPD grades, socioeconomic status, coronary artery disease (CAD), heart failure, hypertension and diabetes. The results are presented as adjusted odds ratios with 95% confidence intervals with normal weight as the reference. Due to the low number of cases in COPD grade 4 (n=12), grades 3 and 4 were combined in the risk analyses. All analyses were performed using SPSS version 20.0 (IBM, Cohort I Recruited 1985 -1986 Stratified sample based on year of birth: 1919-1920, 1934-1935, 1949-1950 Postal Armonk, NY, USA). The sensitivity analyses were performed similarly and the results of the sensitivity analyses are briefly presented in the results section.
Results
Basic characteristics
In the sample, the prevalence of COPD was 17.2% and of restrictive spirometric pattern was 10.7%. Current smoking was reported by 20.8% and 40.5% had never been smokers (table 1) . Obese subjects accounted for 18.1%, while 2.6% were underweight. Pre-obesity was more common than normal weight (43.7% versus 35.6%, p<0.001).
Body mass index
Mean BMI was 26.7 (15.0-55.8). Men had a slightly higher BMI than women (26.8 versus 26.5, p=0.019). The subjects with COPD had a lower mean BMI than subjects with a normal spirometry (25.8 versus 26.7, p<0.001) (figure 2), while those with a restrictive spirometric pattern had a higher BMI (28.0, p<0.001). Significantly higher BMI was found among ex-smokers compared to current smokers. Higher BMI was found among subjects with CAD (i.e. report of angina pectoris, myocardial infarction, percutaneous coronary intervention or coronary artery bypass grafting), hypertension, diabetes, asthma and respiratory symptoms except chronic productive cough (table 2) .
We found a negative correlation between BMI and FEV1 in percentage of reference values for the group with normal spirometry (κ= −3.45, p<0.001), while for GOLD grades 1 and 2, no significant correlations were observed. For GOLD grades 3 and 4, a lower BMI correlated to a decrease in FEV1 as a percentage of predicted values (figure 3). With decreasing BMI, the ratio of FEV1/(F)VC decreased significantly (figure 4). Factors related to underweight Among subjects who were underweight, 74% were women and 67% were former or current smokers (table 3) . The proportion of subjects with underweight was larger in COPD than in subjects with a normal spirometry (4.1% versus 1.8%, p=0.001) and the proportion was highest in severe COPD (COPD grades 3-4) (7.3%) (figure 5).
Severe COPD (COPD grades 3-4) yielded an odds ratio of 3.24 (95% CI 1.0004-10.5) for underweight, while the other COPD severity grades were not associated with underweight. Other risk factors for underweight were female sex (OR 3.02, 95% CI 1.65-5.53) and current smoking (OR 1.86, 95% CI 1.07-3.26). Neither age nor comorbid diseases was significantly associated with underweight (table 4) .
Factors related to obesity Diabetes, hypertension, heart failure and CAD were all significantly more common in obese subjects than in subjects of normal weight (table 3) . COPD was significantly less common among obese ( p=0.001) and pre-obese ( p=0.009) subjects than in subjects with normal weight. However, among the subjects with COPD, the prevalence of obesity tended to increase by severity of COPD from 9.7% in grade 1, 16.3% in grade 2 to 20.0% in grades 3 and 4 (figure 5).
Diabetes and hypertension were also significantly and independently associated with obesity in the multivariate analysis, as were most socioeconomic groups, with professionals and executives as the reference. 0.27-0.68) were inversely associated with obesity in the multivariate analysis, while the other COPD severity grades were not (table 4) .
Sensitivity analyses
The LLN criterion and COPD severity grades based on the GLI and the OLIN reference values were applied in a sensitivity analysis. Furthermore, analyses were performed on the random sample using the fixed ratio definition of COPD and the GLI reference values. The results were similarly independent of criteria for COPD and reference equations. The pattern of associations of underweight yielded odds ratios varying from 2.85 to 3.66 for the combined COPD severity grades 3-4 and a tendency toward inverse associations with obesity (table 5) . It should be noted that using the GLI reference values and the LLN fifth percentile gives a prevalence of COPD in our study sample of only 7.0% (269 subjects), which probably yields a lack of power resulting in wide confidence intervals. Similarly, the random sample consisted of 1566 subjects and, although the prevalence of COPD was similar to the whole study sample (16.3%), the confidence intervals became too wide to reach the significance of the association of COPD severity grades 3-4 with underweight. 
Discussion
In our population-based study, we found a significant association between low BMI and COPD. The difference in mean BMI between subjects not having COPD and subjects in the different severity grades of COPD was small. Furthermore, only severe COPD was significantly associated with underweight. The association of underweight and severe COPD remained after adjusting for smoking habits and other possible confounders, and it was insensitive to both the definition of COPD and the choice of reference values. We could not establish a correlation between obesity and COPD; on the contrary, the results indicated an inverse association for all COPD severity grades. Our finding of the association between low BMI and COPD is consistent with some other studies, but not all. The few studies of the general population that have addressed this issue have mainly compared BMI in COPD versus non-COPD [8, 15] .
Several studies have defined underweight differently, with BMI cut-offs varying from 18.5 to 21.0 [9, 10, 15] . In a study from Canada, the prevalence of subjects with the WHO-defined underweight category (BMI <18.5) was 3.9% among subjects with COPD versus 1.9% in subjects without COPD [15] , in line with our results. In the first US National Health and Nutrition Examination Survey, the prevalence of WHO-defined underweight was considerably higher and ∼10% in each severity grade of COPD [14] . In contrast, a clear association between COPD and underweight defined as BMI <21 was found in a primary care setting in the Netherlands, with a prevalence of underweight in COPD severity grade 4 of 47%, and in grades 3, 2 and 1 of 17%, 10% and 7%, respectively [9] . Underweight, particularly when defined as a BMI <18.5 as a marker for cachexia and malnutrition, is associated with increased mortality [32] .
The results of several studies with respect to the association of obesity in COPD are conflicting. Some studies have found a high prevalence of obesity in COPD [18] or an association of COPD and metabolic syndrome [33] , while other studies have not found a higher prevalence of obesity in COPD [8, 11] .
In our study, the prevalence of obesity among all those with COPD was lower than among those with a normal spirometry. Neither the obesity nor the pre-obesity distribution showed obvious associations with COPD or the COPD severity grades, and in the adjusted analyses, there tended to be an inverse association; however, significantly so for COPD severity grade 1, and one of the sensitivity analyses for COPD severity grade 2 (i.e. moderate COPD).
However, the prevalence of obese subjects tended to increase from mild COPD to severe COPD, and obesity was even more common than underweight in severe COPD. These results are consistent with some other population-based studies [8, 11] . The prevalence of obesity in the referred Dutch primary care COPD cohort [9] was 18% and somewhat higher than the 13% in our study.
The findings of a tendency toward increasing BMI with increasing obstruction are in line with a recent study from Denmark suggesting that COPD may be underestimated in obese subjects [34] . High BMI or other signs of the metabolic syndrome have been associated with lower lung function, but seem to affect both FEV1 and VC [35] . Quitting smoking often results in increased BMI. Consequently, former smokers had a higher BMI in our study, but this association was absent in the adjusted analysis for obesity.
Our study has both strengths and limitations. Making conclusions based on spirometry requires well-performed lung function testing where the cooperation of subjects is crucial. Our personnel are well trained and experienced, both in performing lung function testing and interviews. As the study sample was not entirely randomly selected, precise estimates of prevalence in the general population cannot be presented. The sample was somewhat enriched with symptomatic subjects in order to increase the statistical power. Despite that, the confidence intervals were wide. Nevertheless, the sensitivity analyses verified the observed association between underweight and COPD severity grades 3-4 both in the random sample and when using different definitions of COPD and different reference equations for lung function.
As the study was a follow-up survey, subjects with severe COPD may have died before the 2002-2004 follow-up, thus resulting in fewer cases of COPD severe grades 3-4, with negative effects on the statistical power for detecting significant associations. This has probably not had any major effect on the magnitude of the observed associations of underweight and COPD severity grades 3-4.
Mean BMI and the prevalence of obesity increased in Sweden up to 2002, but from 2004 to 2014, the mean BMI for subjects aged 35 years and over increased from 25.42 to 25.86 [36, 37] . The prevalence of underweight did not change during this period, being steady at 2%, while the prevalence of obesity increased from 11% to 14%. Since our study was limited to the associations of COPD with BMI and BMI grades, this change in the prevalence of BMI grades should not affect the pattern of association.
Data on other diseases than COPD were based on self-reports at structured interviews. Regarding the medical history of heart diseases and hypertension, there is a good agreement between self-report of disease and objectively assessed hypertension, angina pectoris, myocardial infarction and stroke [38] , but not of heart failure [39] . However, since these associations were not the primary aim of our analyses, this does not affect our conclusions.
Anthropometric measures were collected at the examination, and data about lung function and BMI are valid. There are some objections to BMI as a marker for disease. The boundaries for classification are arbitrary and different cut-offs are used [40] . BMI is not an ideal measure for evaluating body composition with respect to the amount of adipose tissue or muscles, i.e. of fat-free mass.
In conclusion, mean BMI was slightly but significantly lower in subjects with COPD. However, only severe COPD was associated with underweight, while mild and moderate COPD were not. This finding was consistent irrespective of both the definition of COPD and choice of reference values for lung function. No significant positive association between COPD grades and obesity was found.
